This paper presents a practical engineering application of an integrated coastal model in coastal and estuarine planning for flood and erosion protection against hazardous hydrological forcing such as river floods, storm surges, waves, and high tides in an estuary in Taiwan. It demonstrates the advancement of the integrated modeling system to simulate hydrodynamic and morphodynamic processes in the estuarine area including rivers and adjacent coastal zones in responses to combined tides, waves, river flood, and winds. In order to identify the best engineering plan for the purpose of flood prevention and erosion protection, the integrated coastal models are applied to evaluate a number of engineering plans by simulating long-term variations of hydrodynamic and morphodynamic processes under a hypothetical storm-monsoon event which contains a 100-year storm and a three-month-long monsoon. Numerical results on flood water stages and morphological changes enable engineers to find the most desirable engineering plan for protecting the estuarine area from flood inundation and erosions. The integrated modeling system provides a comprehensive assessment tool for coastal and estuarine planning in complex hydrological and geomorphologic conditions.
INTRODUCTION
Coastal floods during hazardous storms and hurricanes/typhoons can be devastating by causing flooding water inundations, severe coastal erosions, and casualties. Full understanding of their mechanism and accurate prediction of inundated water propagations and morphological changes is vital to flood management, erosion protection planning, and coastal environmental impact assessment. Integrated hydrodynamic and morphodynamic process modeling has become a necessary tool for planners and decision-makers to assess socio-economic and environmental impacts of hazardous hydrological forcing driven by tide, wave, river flood, wind, and sediment transport. Numerical simulations of coastal processes under various hydrological conditions can facilitate multiple-purpose engineering practices in developing cost-effective coastal flood management plans, as well as designing erosion control structures.
In terms of process-integrated coastal models, simulation of coastal morphodynamic changes including shoreline evolutions, local scouring, and levee breaching has become feasible (e.g. Shimizu et al., 1996; Zyserman and Johnson, 2002 , Tuan et al., 2008 , Kuiry et al., 2010 . In general, this was accomplished by sequentially computing wave field, flow field, and bed elevation changes. After a complete simulation cycle for hydrodynamic and morphodynamic processes, a new bathymetry will be fed back to affect the computations of the wave and current fields in the next time step. By this iterative procedure going through the wave-current-morphology models, the integrated modeling system is able to simulate the morphological process by using an empirical sediment transport model for the fine time-scale morphological process (e.g. Reniers et al., 2004; Ding et al., 2006b , Kubatko et al., 2006 . At present, most existing storm-surge models can be used for simulating storm surge and coastal inundation, but some of them are incapable of simulating sediment transport and morphological change together with coastal hydrodynamic simulation, e.g. POM model (Blumberg and Meller, 1987) , SLOSH model (Jelesnianski et al., 1992; SLOSH, 2008) , SHORECIRC model (Svendsen et al., 2003ab) . Recently, Pandoe and Edge (2008) applied the ADCIRC-2DTR model to study cohesive sediment transport in a ship channel in Matagorda Bay, Texas. Papanicolaou et al. (2008) presented a comprehensive review about sediment transport modeling and gave valuable suggestions on future model development for simulation of morphodynamic processes in rivers, coasts, and estuaries. Moreover, some researchers proposed several semi-empirical numerical approaches to assess long-term morphological changes on both the meso-and macro-scales in coastal inlets and tidal lagoons in estuaries, e.g., tide-averaging approach and Rapid Assessment of Morphology (RAM) (e.g. Roelvink, 2006) . Apparently, these tidal-phase-averaging approaches can not capture the peak surge elevations and maximum flood inundation areas in storms/hurricanes; therefore, they aren't appropriate for coastal flood protection planning.
Complex and unsteady flow in river mouths and estuaries usually induce significant temporal/spatial morphological changes in a short storm period. To access impacts of extreme hydrological events such as hurricanes, storms, and high tides on coastal/estuarine areas with infrastructure, the most important capabilities of numerical models are to be able to accurately and robustly predict coastal flooding/inundation and coastal morphological changes due to these combined hydrological conditions over large-scale coastal/estuarine regions . The application to the simulations of large-scale and longterm morphodynamic processes due to extreme hydrological events in coasts and estuaries is a challenge to most existing numerical models.
This paper presents an engineering application of CCHE2D-Coast, which is an integrated coastal and estuarine processes model (Ding et al., 2006b, Ding and to simulate hydrodynamic and morphodynamic responses to various hydrological conditions by typhoons, storm waves, river floods, and their combinations at an estuary located at the west coast of Taiwan (Figure 1 ). This estuary, called Touchien Estuary, has equally important coastal and estuarine processes driven by tides, waves, river inflows, and winds. The sediments can be transported into the estuary by means of river flows, tidal currents, wave breaking across the surf zone, and typhoon/storm surges. The coastal and estuarine morphodynamic processes are of multiple-scale motions and therefore very complex. Due to hazardous weather conditions by typhoons and river floods, the local coastal community with a dense population is constantly threatened by coastal flooding and inundations, as well as channel refilling in harbors and property damage by shoreline erosions. Hence, several engineering conceptual plans for flood prevention and erosion protection in the area have been proposed by the local engineers. In order to identify the most desirable plan for the purpose of flood and erosion protection for the estuary, this engineering application project aims to assess the performance of these coastal/estuarine plans by using the integrated coastal model, CCHE2D-Coast, to simulate hydrodynamic and morphodynamic responses to the hypothetical extreme storm event and a long-term monsoon. For this project, before applying the CCHE2D-Coast model to evaluate the performance of the engineering plans, the reliability of the modeling results has been established through a comprehensive validation process in which historical morphological development scenarios are successfully simulated. It is confirmed that the numerical simulations reproduced complex but overall flow patterns and morphological changes in the estuary, e.g., bank overflow and coastal inundation, erosion/deposition, as well as breaching of river mouth sand bar. Then, the validated CCHE2D-Coast was utilized to simulate hydrodynamic and morphodynamic responses of the engineering plans to a hypothetical storm event containing a 100-year typhoon and a three-month monsoon. Numerical results about the highest water stages, flood flow propagation, and erosion patterns driven by the hypothetical extreme storm event, enable engineers to identify the most desirable plan for flood prevention and erosion protection in the local area.
INTEGRATED COASTAL PROCESS MODEL -CCHE2D-COAST
The integrated coastal process model, CCHE2D-Coast, is applied to simulate the hydrodynamic and morphodynamic processes in responses to the given hydrological conditions with respect to storms/typhoons, waves, tides, and river floods so that the numerical results can be used for evaluating the proposed engineering plans for coastal and estuarine protections. This numerical software has been extensively verified and validated since it was developed in the National Center for Computational Hydroscience and Engineering at the University of Mississippi (e.g. Ding et al., 2006ab, Ding and . It has been widely used for simulations of waves, currents, sediment transport, and morphological changes in different scales of coasts and estuaries for the purposes of coastal/estuarine erosion protection and flood water management. This software package contains three major submodels for simulating irregular wave deformations, tidal and waveinduced currents, sediment transport, and coastal morphological changes. As for the simulations of irregular waves, a multi-directional spectral wave transformation equation, with the diffraction effect terms, was adopted in the wave spectral module. The hydrodynamic module is capable of simulating tidal currents, river flows, and nearshore currents induced by short waves (i.e., wind-induced waves and swell waves). The morphodynamic module will compute morphological changes due to sediment transport under the conditions of the combined waves and currents. The module can take into account various coastal structures, e.g., groins, offshore breakwaters, artificial headlands, jetties, artificial reefs (submerged dikes in coasts), in computational domain. For the details of the model, one may refer to Ding et al. (2006b) .
This integrated model for simulation of coastal estuarine morphodynamic processes has been built in a software package called CCHE2D (Jia et al., 2002) , which is a general tool to analyze two-dimensional (2D) shallow water flows, sediment transport, and water quality, with natural flow boundary conditions. Similar to the CCHE2D hydrodynamic model, the three submodels in CCHE2D-Coast were discretized in a non-orthogonal grid system so that the models have more flexibility to simulate physical variables in complex coastal zones with irregular coastlines. A time-marching algorithm proposed by Jia et al. (2002) was used to compute the tidal and wave-induced currents driven by typhoons and storm surges. A validated algorithm in CCHE2D for the treatment of wetting/drying area was directly used for predicting tidal flat variations and coastal inundations. For the verification and validation on CCHE2D-Coast for simulating waves, wave-induced currents, and morphological changes in coastal applications in various laboratory and field scales, one may refer to Ding et al. (2006ab) .
MODEL VALIDATION IN TOUCHIEN ESTUARY

Study Site and Computational Domain
The study estuary called Touchien Estuary is located at the west coast of Taiwan Island. As shown in Figure 1 , this estuary has a 1.0-km wide river mouth, a rivermouth bar, two islands inside the bay, and two rivers at upstream (Touchien and Fengshan Rivers). During storms or typhoons, this estuary has equally important hydrodynamic and morphological processes driven by tides, waves, and river floods. The sediments transport results from river flows, tidal currents, and wave breaking across the surf zone. The morphodynamic processes in the estuary are of multiple-scale motions and therefore complex. To investigate the hydrodynamic and morphodynamic responses to storms/typhoons and flood events in the estuary, a computational domain, as shown in Figure 2 (a), was used in the simulation for model validation and engineering plan assessment. This non-orthogonal structural grid was generated to cover the entire estuarine and coastal areas. 
Hydrological and Morphological Conditions
The boundary conditions for modeling the morphological processes include the hydrographs of inflows at the upstream of the two rivers, tidal elevations at the offshore boundary, incident wave properties from offshore, wind forcings, and sediment properties in the estuarine/coastal area and the sediment transport rates from the two rivers. The offshore boundary conditions, tides, waves, winds, etc., were provided by a research group at the (Table 1) . The hydrographs and the sediment properties for the two river inflows during the same period of the computation were provided by another research group in the National Chiao Tung University, Taiwan The boundary conditions of tidal elevations and wave properties at the offshore in the three-year simulation were given by using a regional storm-surge model (a POM model) and the SWAN wave model (SWAN 2007) . The wave properties, i.e., significant wave heights, peak periods, and mean directions, were provided by the measurements and the extracted results from the simulations by the SWAN model. The significant wave heights were basically lower than 2.0 m in most typhoons and flood events at the coast. However, the maximum wave height offshore reached 4.21 m during Typhoon Bilis in July, 2006. The wind speed data during the simulations were also provided by the regional storm-surge model.
According to the grain size measurements, a uniform grain size, d 50 = 0.2 mm, was used for representing the coastal sediments in the domain. A total load sediment transport formulation was used to calculate sediment fluxes and morphodynamic changes (Ding et al. 2007 ). The bottom roughness coefficient, i.e., Manning's n, was set to 0.025 on the sea bed, and 0.033 on the river bed based on the 1D river simulation model.
To simulate the random waves, the Bretschneider-Mitsuyasu (B-M) spectrum (Ding et al., 2006b ) was used to specify the spectral wave inputs from offshore. The lower and upper frequency bounds were set to 0.05 Hz and 10 Hz, respectively. The frequency interval 0. ) were adopted. The effects of wave breaking and wave diffraction (Ding et al. 2006b ) were considered in the irregular wave simulations. The time interval for the hydrodynamic and morphodynamic modeling was 2 s. The wave field was updated every hour hydrodynamic and morphological computation.
Model Validation Results
The initial conditions of the currents and water elevations were obtained from the steady flow with the constant discharges and the first wave action under a non-tide mean sea level (MSL) situation. The computed flow fields include the interaction of tidal currents, nearshore currents, and river floods from upstream. Therefore, the currents represent the highly complicated multi-scale hydrodynamics in the estuary, which contains coastal flooding, river mouth bar breaching, and interactions of tidal and nearshore currents. The computed water elevations indicate that the high flood waters in Typhoons Aere, Matsa, and Talim could inundate the north bank of the Touchien river, and overflow the Beiliao Island (an uninhabited island shown in Figure 1 ). The long-term simulation results about the water elevations reproduced the coastal flooding during the three-year period in which the nine typhoon events occurred. The highest water stage, 12.27 m, occurred at the Touchien river inlet cross-section at the peak discharge of Typhoon Matsa. At the same time, the water stage at the Beiliao Island was 5.78-m high, and then the island was submerged in the flood waters.
The coastal morphological model is validated by comparing the computed morphological changes with the measured bed elevation changes. The measurement area in 2006 covered the Touchien estuarine area and the tidal reaches of the two rivers. The measured bed elevation changes were obtained by comparing their measurements in 2006 with those in 2003. To validate the coastal morphodynamic process model, calibrations of empirical parameters related to the morphodynamic model were conducted. To do so, the computed bed elevation changes at ten selected stations as shown in Figure 3 (a) were compared with the measured bed changes at the same locations. Meanwhile, only two empirical parameters were calibrated: an empirical parameter of sediment transport rate (B w ) in the Watanabe's total load formulation, and the coefficient of downslope gravitational effect (ε) in the morphological change equation (see the definition in Ding et al., 2006b) . By testing the morphodynamic simulations for more than 12 runs, the site-specific calibrated parameters, B w = 3.0, and ε = 10.0, were obtained. The comparisons of the bed changes at the ten stations computed by using the calibrated parameters are shown in Figure 3 (b) ; it indicates that an excellent agreement between the measurements and observations was obtained at these selected stations in the estuary.
To compare the spatial distribution of the bed changes in the entire estuary, the measured morphological changes over the three years are shown in Figure 4 (a) , in which the red color indicates deposition of sand, and the blue means erosion of bed. The simulated morphological changes through the three-year typhoon events are plotted in Figure 4 (b) with the same legend in Figure 4 (a). By visually comparing the two figure measurements and simulations, the following common features on deposition and erosion are found:
(1) The long-term morphodynamic simulations correctly reproduced the erosion and breaching that occurred in the river mouth bar;
(2) The simulations produced a similar erosion pattern at the head of the Beiliao island, even though the computed erosions are underestimated; (3) The simulated sand depositions in the south bank of the river mouth show a consistent deposition pattern with the observations; (4) The morphodynamic simulations produced a similar offshore bar development; yet, the size of the simulated offshore bar is larger than the observations; and (5) The simulated morphological changes in the Touchien River show almost the same size and locations of deposition and erosion, e.g., the erosion at the left bank and the deposition at the right bank near the Jiugang Island. However, the simulations in the Fengshan River reach show overestimated deposition.
Finally, the accuracy of the model to simulate the morphological changes is investigated by comparing the bed changes in all the measurement stations in the estuary. reported the measured and simulated bed changes at all nodes for which the bed changes are not less than 5 cm. Through the comparisons in all the nodes, the average absolute error of bed changes was found to be ±37.0 cm. Even though comparisons are made in this large estuarine area including the river reaches, the predication accuracy is still in a reasonable range which is acceptable for the engineering practical applications. 
MODEL APPLICATION TO COASTAL AND ESTUARINE PLANNING
There are six engineering conceptual plans proposed to regulate the Touchien Estuary for the purpose of flood prevention and erosion protection. Including the case of the present estuary (status quo, Case 1), a total of seven proposed cases have to be evaluated by simulating the flows and morphological changes over a long-term period. The detailed descriptions of the engineering plans are shown in Figure 5 . The engineering countermeasures adopted against flooding and erosion are (1) installation of a 7.0-m high dike to protect the south bank of the Touchien River in Cases 2, 3, 4, and 7; (2) dredge of the channel of a branch in the north of Jiugang Island in Cases 3, 4, and 6; (3) removal of Beiliao Island in the estuary in Cases 6 and 7; and (4) installation of a jetty to separate waters in the river mouth in Case 5. In order to investigate the performance of these engineering plans, simulations of hydrodynamic and morphodynamic responses to a hypothetical extreme typhoon event and a monsoon event were performed.
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Erosion plans contains a typhoon and a monsoon. This extreme typhoon event with a 100-year return period was determined beforehand by using the historical data of typhoons passing through the island from 1897 to 2001. Driven by the 100-year typhoon, a hypothetical 100-year flood was assumed to take place in the two rivers upstream for 56 hours. Two hydrographs representing the 100-year flood at the two inlet cross sections of the two rivers were obtained by a one-dimensional river flood simulation covering two river reaches from a faraway mountain area to the estuary section. The maximum peak discharges in the Touchien River reached 7,072 m 3 /s, in 13 hours, and another peak flood in the Fengshan River at 1,872m 3 /s, flowed down to the estuary one hour later. In the monsoon period, the two small discharges for a dry season were assumed to apply to the two rivers, i.e., 4.75 m 3 /s in the Touchien River and 2.22 m 3 /s in the Fengshan River. The largest tidal range of the spring-neap tides was almost 5 m. The wave properties, i.e., significant wave height, period, and wave mean direction, for the offshore boundary conditions of the CCHE2D-Coast model were extracted from the computed results by SWAN wave model in a large regional grid. The maximum storm wave heights in the events reached to almost 7.0 m. The wind effects were also included in the hydrodynamic simulations by using the measured data of wind speeds and directions. Figure 7 (a) and (b) show respectively a computed wave field (significant wave heights and mean directions) and currents at the time of the peak flood (t=12 h). Figure 7 (a) shows a computed wave field by the wave spectral model in the estuary including the installation of structures (breakwaters and dikes). Figure 7 (b) presents the computed currents and water elevations driven by the wave field shown in Figure 7 (a), tides, river floods, in which the breaching and the overbank flooding were predicted at the rivermouth bar. The currents at the peak flood indicate a combined flow field at the moment by river flood, longshore current, and tidal current. Figure 8 (a) shows another flow field and the corresponding estuary shape at an ebb tide after this 100-year flood and storm has gone. It is found that the rivermouth bar breaching and rivermouth widening occurred due to the extreme flood. Figure 8 (b) depicts the computed morphological changes in the estuary after the 100-year storm and flood, which quantitatively shows the coastal erosions in the river mouth, the breaching in the river mouth bar, the river mouth widening, and the offshore bar development due to the river sediment flushed down to the offshore. Figure 9 further depicts the time histories of water elevations at the seven monitoring stations, of which locations are shown in Figure 9 (a). Since the peak flood was coincident with a high tide at the coast, it induced severe inundations in the estuary as shown in Figure  7 (b). The impacts of the hydrological forcings can be found from the variations of the water elevations: For example, by comparing the water elevations at the peak flood (t=12h), it is found that the storm resulted in an approximately 1.5-m high surge at the river mouth. However, the water stage at the Touchien upstream can reach to 14 m due to the upstream flood, storm surge, wave set-up, and tide.
Figure 5 Engineering Plans for Flood and Erosion Protection in Touchien Estuary
The highest water stage is an important index to evaluate the impact of storm/flood waters in the estuary. By selecting several representative locations in the estuary, the highest water stages were extracted from the time histories of the computed water elevations. In Case 1 (the status quo case), Figure 10 presents the highest (peak) water stages at Nanliao, where is the most vulnerable location for flooding. The red dash line in the figure is the design dike high (+7.0m) at the south bank of the Touchien River.
Based on the evolutions of the bed elevations at the selected stations in the estuary, the accumulated seasonal bed changes after the two events, i.e., 100-year storm and 3-month monsoon, are calculated and shown in Figure 11 . The features of the bed changes in the estuary are summarized as follows:
(1) The storm can cause river mouth erosion, and deposition in the monsoon; (2) The periodical morphological changes occur in the river mouth. This predicted morphodynamic mechanism in the river mouth is in virtual agreement with the coastal and estuarine morphological processes in the area; (3) After the whole period, the net erosion is predicted in Beiliao, Nanliao, and two river flow inlets; and (4) The net deposition occurs in Jiugang channel, created solely by the storm. It indicates that the Jiugang channel has a potential risk of refilling by the sediment conveyed by the flood water from the upstream. All six engineering plans have been investigated by simulating the hydrodynamic and morphodynamic responses to the above-mentioned hypothetical storm-monsoon event. In order to find out the best plan for flood prevention purposes, the highest water stages at the selected monitoring stations for all the cases are shown in Figure 12 . Some preliminary remarks are given as follows:
Removal of Beiliao Island can lower the flood water elevations. This engineering plan has better flood protection than Case 4 (the Jiugang Channel dredged). The highest water stages in the monitoring stations in Case 7, i.e., Beiliao, Nanliao, Jiugang, and Touchien upstream, are lower than these in Case 4. They are also the lowest in all the cases. In comparison with Case 4, it is found that the removal of Beiliao Island can make the highest water stage lower by 0.63m at Beiliao, 0.79m at Nanliao, 0.24m at Jiugang, and 0.19m at Touchien upstream.
In Case 4, dredging the Jiugang channel and diverting flood waters can slightly alleviate the flooding downstream (0.13m lower at Nanliao; 0.10 m lower at Beiliao). By comparing this effect with the dredged Jiugang channel in Case 4, the removal of the Beiliao Island can effectively reduce water stages in the estuary. Therefore, Case 7 (Dike + island removal) could be the best plan over the seven cases (including Case 1 which is doing nothing) to prevent potential flooding of the Touchien Estuary.
The morphological changes in the computational period are divided into three parts: (1) the net bed change over the entire period induced by the storm and monsoon; (2) the bed change induced by the 100-year storm only; and (3) the bed change caused by the monsoon only. As shown in Figure 13 , both two seasons (storm and monsoon) could induce bed erosions on the upstream Touchien and Fengshan inlet cross-sections in almost all the cases. Erosion by the storm flood is especially prominent in the morphological changes upstream. It means that the upstream river beds are degraded in all the periods.
The bed elevation changes in the station of Jiugang Channel in Figure 13 indicate that the north channel of the Jiugang Island is always aggraded in both storm and monsoon seasons. However, in Cases 3, 4, and 6, in which the Jiugang channel is planned to be dredged, the storm flood water can trigger rapid deposition (more than 2 m) on the dredged channel bed. With the exception of the cases that the land reclaimed by placing a 7-m high dike in Nanliao (hard structure), the river bed at Nanliao is slightly eroded in Cases 1, 4, 5, and 7 in the monsoon; the bed degradation is then slow, approximately 15 cm over the whole season. However, in Case 7, in which the Beiliao Island is planned to be removed, the flood in the storm can make more deposition on the dredged river bed near Nanliao than the monsoon does. Similarly, because of the removal of Beiliao Island, only Case 6 and Case 7 can cause deposition on the river bed near Beiliao where the bed is dredged. All the other cases have erosions on the bed at the same location.
The complicated morphological changes occurring in the river mouth indicate that the bed changes on the river mouth bar are periodical (see Figure 1) . In Case 1 -Case 4, the storm flood water always leads to erosions on the river mouth, but the tidal currents and longshore currents in the monsoon make depositions. The net bed aggradation in the station can be found in Case 1 and Case 2. Case 3 resulted in net bed degradation. Only Case 4 shows almost no bed changes. In contrast, in Case 5, the storm creates deposition on the river mouth, but the monsoon causes erosion. Due to the jetty, Case 5 shows an opposite trend of the bed change on the river mouth. In Case 6 and Case 7, due to the removal of the Beiliao Island, two seasons result in erosions on the river mouth bar. By summarizing the above analysis of flood water stages and bed changes for all the seven cases, it is found that the planned dike with the Beiliao Island removed in Case 7 can better prevent inundation of the estuarine area of the Touchien River.
As for morphological changes, it is found that the bed changes upstream of the rivers in Case 7 have a similar pattern to Case 4; whereas, the bed changes inside the estuary are similar to the changes in Case 6. However, the simulation results show that the storm flood brings sand down to the estuary, and sands are readily deposited into the dredged river bed due to the removal of Beiliao Island. Therefore, the longer simulation in Case 7 may be needed in the future since this hypothetical storm-monsoon long-term event may not be long enough to the dynamic equilibrium morphology in the estuary. 
CONCLUSIONS
This paper presents a practical engineering application of an integrated coastal model, CCHE2D-Coast, in coastal and estuarine planning for flood and erosion protection against hazardous hydrological forcing such as river floods, storm surges, waves, and high tides in Touchien Estuary in Taiwan. It demonstrates the advancement of the integrated modeling system to simulate coupled hydrodynamic and morphodynamic processes in a large area of the estuary including rivers and adjacent coastal zones, which are driven by combined tides, waves, river flood, and winds.
To find the best coastal/estuarine planning for flood and erosion protection, based on the previous simulation study on the coastal flood and morphology in the status quo estuary, the local engineers collaborating with numerical modelers have developed a totally six coastal/estuarine design/planning cases, which were based on conventional engineering means, including hard structure installations (e.g., dikes, jetties, etc) and soft engineering approaches (e.g., channel dredging, removal of island in the bay).
Before applying the model to evaluate coastal/estuarine design plans, model validation has been done by simulating hydrodynamic and morphodynamic processes over a series of historical typhoon events happened in between 2004 and 2006. Numerical simulations reproduced complex but overall flow patterns and morphological changes in the estuary, e.g., bank overflow and coastal inundation, erosion/deposition, as well as breaching and scouring of the river mouth sand bar. Then, the validated models were applied to simulate hydrodynamic and morphodynamic responses in six engineering conceptual plans to a hypothetical long-term hydrological forcing, a storm-monsoon event. This event, containing a 100-year storm (representing extreme weather) and a three-month-long monsoon (representing fair weather), provides a hypothetical condition to study the impact of short-term extreme event due to storm surge and river floods, as well as the response of morphological changes to a relative long (three months) monsoon. By the systematical simulations of the seven cases (including the status quo case), the maximum (highest) flood water stages corresponding to the storm and the long-term bed changes due to the long-term monsoon fair weather were obtained. The highest flood stages are used to confirm the capability of the flood protection of the engineering plans; the long-term morphological changes are for evaluation of coastal erosion (including deposition) in the estuarine area. The intercomparisons of the maximum water stages and bed changes revealed that Case 7, i.e. using dikes and removing Beiliao Island, could be the most desirable engineering plan or the best choice in the proposed cases.
Hence, in terms of the integration numerical modeling and practical engineering knowledge on hydrological, morphological, meteorological, and geomorphic conditions, this study demonstrates a general procedure to achieve the best coastal/estuarine planning against flood and erosion. The planning assessment procedure may briefly conclude as follows: (1) study the historical data about hydrology and morphology of the engineering site, (2) select the study area and computational domain, and generate numerical mesh to represent coastal/estuarine geometry and infrastructure (dikes, jetties, harbors, etc.), (3) validate the integrated numerical models including hydrodynamic (wave and current) and morphodynamic (sediment transport and morphological changes) models, (4) propose coastal/estuarine design plans using the engineering approaches including hard structures and soft engineering means, (4)determine a hypothetical hydrological condition (or event) based on the historical data to represent extreme event (storm, typhoon/hurricane, river flood), (5) simulate the hydrodynamic and morphodynamic impacts in the proposed design plans, and (6) intercompare the numerical results on flows (water stages and currents) and morphological changes, and finally identify the best choice for the flood and erosion protection plan.
